The Aurl Problems of Divers
The following problems, which occur in fit, trained personnel, are due to the hostile environment in which divers work, namely the great increase in ambient pressure to which they may be exposed and also the effects of the breathing mixtures which have to be employed. The purely barotraumatic effects are not dissimilar to those experienced by aviators, but are much greater in degree, and there is less time for the body to adapt to them. It must be remembered that at a depth of 10 m (33 ft) under water, the pressure exerted on a diver is twice that at sea level (i.e. 2 atmospheres absolute) and that the maximum rate of change in pressure occurs during this first 10 m of the dive. Thereafter the curve of pressure plotted against depth tends to flatten out. This doubling of ambient pressure in only 10 m is equivalent to descent in an aeroplane from 4800 m (16000 ft). A diver will experience this doubling of the pressure far more quickly than a person in an aircraft. The basic problems of otitic barotrauma are well recognized and documented in the standard works on aviation medicine. With one exception, this paper will be devoted to the specialized conditions which may occur in divers, especially those exposed to great depths and the so-called 'saturation dives'. The exception is the condition known as 'reversed ear', originally documented by Jarrett (1961) . Earlier patterns of the close-fitting rubber helmets worn by shallowwater and scuba divers contained a solid sorbo pad which pressed over the pinna. With increasing pressure from the water outside, these pads could form an air-tight seal over the external auditory meatus, thus preventing a rise in the pressure of the air trapped in the meatus (i.e. the pressure exerted on the outer surface of the tympanic membrane). Assuming that a normally patent eustachian tube is present, the rising pressure experienced in the nasopharynx and middle-ear cleft may lead to bulging of the drum laterally and elevation of the drdm and meatal skin from the underlying bone, with bulla formation. Perforation may occur, and initially the appearances are not dissimilar to those seen in bullous myringitis. It is just possible that some of these early-pattern helmets are available to amateurs through government surplus stores, and therefore the problem of the reversed ear may be seen occasionally in the ENT clinic. Modern helmets have been modified by a groove cut across the sorbo pad, which allows pressure differentials to be freely transmitted to the external auditory meatus.
For many years there have been varying opinions about the possible association of cochlear and vestibular damage with diving. Argument has raged over the possible effects of bends and the effects of minor degrees of repeated barotrauma on the compliance of the tympanic membrane and ossicular mobility. The impression gained is that in the long term divers suffer some degree of hearing loss, both (1) Vascular occlusion of the terminal branches of the internal auditory artery by bubbles, ischkmia and aedema, initiated by stress and cold under hyperbaric conditions.
(2) Lipid emboli: Divers by their calling tend to be extrovert and live life to the full, eating and drinking only too well. Allied to the known tendency for professional swimmers to acquire excess subcutaneous fat, the end-product is often overweight, The recently published work of Spencer (1973) showed the possible association of hyperlipidaemia and the unexplained sensorineural hearing loss in some middle-aged people. For this reason one of the routine tests being carried out in the divers' survey is a cholesterol, triglyceride and lipoprotein estimation.
(3) Platelet stickiness and serotonin release plus haemoconcentration: It is of interest to note here that dolphins, which regularly swim rapidly to the surface from great depths without evidence of decompression sickness, have been found to be without Factor 12 in their blood-clotting mechanism -hence the possible value of anticoagulant therapy in treating an acute cochleovestibular catastrophe.
Decompression sickness involving solely the inner ear can be a confusing syndrome, most cases being a sequel to deep saturation dives in which helium replaces nitrogen as the inert gas. It is more common to have either a cochlear or a vestibular lesion than to have both. Such incidents occur early in decompression, when a change over from oxyhelium mixture to air takes place. The possible causes for this are:
(1) Diffusion of gas across the round window: The inner ear is able to act independently in its ability to dissolve and release helium, and is unique in possessing the only extracellular fluid space which may not have to rely on inert gas being transported via the circulation. The perilymph may become rapidly saturated with helium by diffusion across the microscopically thin round window membrane. Endolymph saturation could be expected to follow rapidly. Pressure fluctuations in this sytem are also proportional to the eustachian tube function, possibly aggravating the release of helium into the gas phase.
(2) The counterdiffusion of two inert gases across the round window membrane, resulting in bubble formation at the interface between the middle and inner ears: This is understandable when the breathing mixture is changed during decompression, the perilymph is saturated with helium and the middle ear contains another gas mixture. Although decompression is not required to explain bubble formation in these circumstances, it would aggravate the sitUation by expansion of these bubbles in accordance with Boyle's law.
(3) Possible vascular emboli, as the blood supply to the inner ear is of the end-artery type, and theoretically is more vulnerable to the effects of intravascular bubbles. In the literature there have been sufficient cases recorded of cochleovestibular accidents which have been improved by recompression to suggest that this theory is acceptable.
Inner ear barotrauma: Edmonds & Freeman (1973) Hz and a precipitate fall-off above this frequency. Tympanometry and polytomography were within normal limits. It seemed that at this late stage little could be achieved, but the patient was offered a tympanotomy, which he accepted. At operation the round-window niche appeared closed by a thick membrane, with a possible slitlike perforation. No perilymph was apparent, but given the encouraging findings after the previous case, the round-window area was grafted with pinna fat. One month later there had been a subjective hearing improvement and diminution of tinnitus. At this stage his audiogram showed normal hearing up to 4 kHz (less than 20 dB loss), above which there was no improvement. The original high-tone loss was emphasized by the low-tone threshold shift toward normality.
Labyrinthine disorders: In the main, causes for these disorders are similar to those causing cochlear lesions. In divers the problem of differentiating true vertigo of vestibular origin from disturbances of equilibrium such as faintness, swaying and light-headedness, is very difficult. On the ground spatial orientation depends on information from three systems -visual, proprioceptive and vestibular. In divers visual information may be minimal at night or in dirty water, and proprioceptive information may be distorted by the zero gravity effect when a body is totally immersed in water. Discussion here will be limited to specific factors. When a diver is under water in a 'wet suit' ofthe frogman type, there is normally an equal flow of water into both external auditory meatuses with equal caloric stimulation and no sequential vertigo. However, the frogman or scuba diver descending to and moving along the bottom assumes a normal attitude with the head down and the body at an angle of approximately 300 to the horizontal. In this position the horizontal semicircular canals are in the vertical position, and minimal stimulation is able to produce the maximum vestibular effect, as in the standard Hallpike caloric test. This is highly relevant in a situation where there is unilateral obstruction to water flow in the external auditory meatus, when there is tympanic membrane rupture, or when (rarely) there may be an unequal vestibular response to an equal stimulus.
Many miscellaneous causes of vertigo are enhanced in the diving environment. Migraine may be precipitated by diving; whether this is due to high-pressure oxygen, to cold-induced vasospasm or to reactionary vasodilatation is not known. Migrainous subjects should not dive. Abnormal gas pressures, inert gas toxicity and nitrogen narcosis may play a part. Divers breathing air below 30 m (100 ft) become sedated due to an increase in the partial pressure of nitrogen. Dizziness and disorientation are part of this syndrome, but as yet there has been no proven case of rotational vertigo due specifically to inert gas narcosis. Vertigo, nausea and tremor due to cerebral or cerebellar effects caused by too rapid a compression have been recorded (the so-called high-pressure nervous syndrome). Oxygen toxicity caused by exposure to oxygen only as a breathing mixture at a pressure greater than 2 atmospheres is a well-documented cause of vertigo. This may be the first symptom of oxygen poisoning. Carbon dioxide toxicity is characterized by disorientation, and has been reported in submarine crews; true vertigo is less well substantiated. Similar symptoms may occur in divers using a rebreathing technique in which the carbon dioxide absorption apparatus is faulty. Vertigo may also result from carbon monoxide poisoning, hypoxia or any factor which affects the state of consciousness.
Sensory deprivation has been mentioned earlier and is likely to aggravate any vertigo, the more so in a novice or amateur diver. As a cause of disorientation it is unquestioned, and subjectively the dividing line between vertigo and disorientation is very slim. By the time medical assistance is possible the symptoms may have abated, leaving the medical examiner in a state of causal conjecture.
The foregoing is a brief summary of the current thoughts on the aural problems of divers. In perspective it may be assumed that 5 % of divers will at some stage in their career experience decompression sickness and that, of these, 5% Ascent in flight is usually trouble-free, due to the passive escape of expanding gas out of the eustachian tube. In descent the force exerted by the increasing atmospheric pressure on the collapsible proximal portion of the eustachian tube may be greater than that exerted by the tubal dilator muscles; the tube will then lock and symptoms of barotrauma will occur. Barotrauma will occur in the normal ear if the subject is preoccupied, asleep or sedated, and cedema of the tube from any lesion in the nose will predispose to the condition. Examination will show the tympanic membrane to be pushed in, with signs of vascular disturbance varying from a dull flush to free bleeding from a torn membrane.
The attendant conductive hearing loss is normally transient. Treatment consists of prevention, relief of pain and reventilation of the ear; lesions in the nose should not be overlooked. In cases of chronic, recurrent otitic barotrauma, relief may be obtained by fitting a grommet to the affected tympanic membrane. This permits continued ventilation of the ear and brings recovery in the majority ofcases (e.g. 29 out of 32 ears so treated).
Delayed barotrauma is due to the absorption of 100% oxygen from the middle ear after long flights, which results in a significant pressure differential. Symptoms and signs are similar to those in acute barotrauma, though not so marked, and treatment is similar.
Pressure vertigo is due to stimulation of the receptors of the semicircular canals by rapid changes of pressure, and is not uncommon. Vertigo is of sudden onset and short-lived. The mechanism is still unknown. If it recurs, a grommet will be the means of cure. In some instances, where the pressure differential is great and the rate of pressure change marked, both vertigo and sensorineural hearing loss may occur, due to traumatic labyrinthine window fistula. The condition is rare but its occurrence calls for early tympanotomy with a view to closing the fistula.
Some transient hearing loss is to be expected during and just after aural barotrauma. With retained fluid in the middle ear, losses of the order of 35-40 dB in the speech range may be expected.
Long-standing conductive hearing loss is due to dislocation of the ossicles, or chronic adhesive process, but this is rare and was seen in only 3 ears of 897 with barotrauma. Likewise, of 814 ears explored by tympanotomy to relieve conductive deafness the hearing loss was found to be due to barotrauma in only 3 cases.
Rupture of the drumhead may also be a cause of deafness if the perforation persists. It occurred in 38 of 897 ears with barotrauma. In another series of 1357 patients referred for tympanoplasty, 95 had an open perforation due to rupture of the membrane from trauma of any cause, and 14 of
